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ABSTRACT 

Introduction: Influenza vaccination in pregnancy 
is recommended for all women in Australia, 
particularly those who will be in their second or third 
trimester during the influenza season. However, there 
has been no systematic monitoring of influenza 
vaccine uptake among pregnant women in Australia. 
Evidence is emerging of benefit to the infant with 
respect to preventing influenza infection in the first 
6 months of life. The FluMum study aims to 
systematically monitor influenza vaccine uptake during 
pregnancy in Australia and determine the effectiveness 
of maternal vaccination in preventing laboratory- 
confirmed influenza in their offspring up to 
6 months of age. 

Methods and analysis: A prospective cohort study 
of 10 106 mother-infant pairs recruited between 
38 weeks gestation and 55 days postdelivery in six 
Australian capital cities. Detailed maternal and infant 
information is collected at enrolment, including 
influenza illness and vaccination history with a follow- 
up data collection time point at infant age 6 months. 
The primary outcome is laboratory-confirmed 
influenza in the infant. Case ascertainment occurs 
through searches of Australian notifiable diseases data 
sets once the infant turns 6 months of age (with 
parental consent). The primary analysis involves 
calculating vaccine effectiveness against laboratory- 
confirmed influenza by comparing the incidence of 
influenza in infants of vaccinated mothers to the 
incidence in infants of unvaccinated mothers. 
Secondary analyses include annual and pooled 
estimates of the proportion of mothers vaccinated 
during pregnancy, the effectiveness of maternal 
vaccination in preventing hospitalisation for acute 
respiratory illness and modelling to assess the 
determinants of vaccination. 
Ethics and dissemination: The study was approved 
by all institutional Human Research Ethics Committees 
responsible for participating sites. Study findings will 
be published in peer review journals and presented at 
national and international conferences. 



Strengths and limitations of this study 



■ The national approach, including women giving 
birth in six capital cities in Australia will provide 
broadly representative data on women and their 
infants. 

■ The large sample size, over 10 000 mother- 
infant pairs, with recruitment spread over four 
influenza seasons will provide sufficient power to 
detect a vaccine effectiveness of at least 40% 
against laboratory-confirmed influenza in infants. 

■ The primary outcome, laboratory-confirmed influ- 
enza in the infant is objective and is accessed 
from national notifiable diseases data sets. 

■ Ascertainment bias for the primary outcome of 
laboratory-confirmed influenza is likely to be 
minimal and non-differential. 

■ Loss to follow-up will occur if the mother with- 
draws from the study but will not affect ascer- 
tainment of the primary outcome. 



Trial registration number: The study is registered 
with the Australia and New Zealand Clinical Trials 
Registry (ANZCTR) number: 12612000175875. 



INTRODUCTION 

Influenza infection during pregnancy and in 
the first 6 months of life is a substantial cause 
of morbidity. During pregnancy, reported 
cumulative incidence ranges from 4% to 
22% in non-pandemic periods, 1-4 and preg- 
nant women are at an increased risk of 
severe disease and death, 4-7 particularly 
during pandemic periods. 8-10 

Consequences for the fetus of influenza 
infection during pregnancy are not well 
established. 11 An investigation of a cluster of 
12 fetal deaths that occurred within 3 weeks 
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during the influenza season in the UK found the case 
pregnancies had an excess of recent flu-like illness, and 
were more likely than controls to have serological evi- 
dence of influenza A infection. 12 Observational studies 
have suggested maternal influenza infection during 
pregnancy may increase the risk of mental health ill- 
nesses in the offspring, 13 14 although the evidence is 
weak and predominantly limited to animal models. 

The impact of influenza infection during infancy, par- 
ticularly in the very young with high-risk conditions, can be 
substantial, with higher hospitalisation rates than older chil- 
dren and increased likelihood of intensive care admission 
and respiratory failure. 15 16 Influenza infection in infants 
can also increase the risk of serious secondary invasive bac- 
terial infections, particularly Streptococcus pneumoniae}^ 

Given the impact of influenza in pregnancy, maternal 
influenza vaccination during pregnancy is now recom- 
mended in many countries. 18 19 Pregnant women are not 
only considered a priority group for vaccination during 
influenza pandemics, they are also identified by the 
WHO as the priority for funded influenza vaccination 
programmes globally (reference SAGE report). Influenza 
vaccination during pregnancy is considered safe 20 21 and 
there is some evidence that it may also decrease the likeli- 
hood of a baby being born premature or small for gesta- 
tional age. 22 Importantly, in recent years, data have 
emerged indicating maternal influenza vaccination 
during pregnancy may provide protection against influ- 
enza infection in their infants up to 6 months of age, 23-26 
a group for whom there are currently no licensed vac- 
cines. Given the varying nature of study designs and rela- 
tively small sample sizes, larger studies are needed in a 
variety of populations to confirm these findings. 

Uptake of vaccine during pregnancy is not systematic- 
ally monitored and studies suggest uptake is suboptimal 
in many settings 11 27-29 and there are few large studies 
that have examined the reasons why. A woman's percep- 
tion of the benefits and risks of vaccine and whether or 
not their health service provider recommended and/or 
offered the vaccine appear to be key determinants. 29-31 
Large-scale prospective studies are required to monitor 
seasonal vaccine uptake and its determinants during 
pregnancy over time. Similarly, such studies are needed 
to also improve the evidence for the effectiveness of 
influenza vaccination during pregnancy in preventing 
influenza in young infants. We present the study proto- 
col for a national prospective cohort study of Australian 
mother-infant pairs that aims to: (A) determine the 
effectiveness of influenza vaccine in pregnancy in pre- 
venting laboratory-confirmed influenza among infant 
offspring up to 6 months of age, and (B) monitor influ- 
enza vaccine uptake and its determinants over time. 

METHODS AND ANALYSIS 
Study design 

FluMum is a 5-year prospective cohort study of 10 106 
mother-infant pairs recruited between 38 weeks 



gestation and 55 days postdelivery in six sites across 
Australia over a 4-year period. The six study centres are 
each affiliated with local public maternity units that col- 
lectively average over 20 000 births/ year. Primary end- 
points are determined when the infant reaches 
6 months of age. Recruitment is equal in all sites and is 
scheduled to be completed by 25 October 2015 for 
infants born up until 31 August (ie, within a 55-day post- 
delivery window period) . The follow-up period of obser- 
vation for the last enrolled mother-infant pair is 
scheduled to end on or before 31 March 2016. 

Our primary objective is to assess the effectiveness of 
influenza vaccine during pregnancy against laboratory- 
confirmed influenza among infant offspring during the 
first 6 months of life. Our secondary objectives are to: 

A. Determine influenza vaccine uptake during preg- 
nancy at each of six sentinel research centres during 
each of four consecutive years. 

B. Assess independent predictors of influenza vaccin- 
ation in pregnancy, including: demographic factors; 
obstetric history; knowledge and attitudes surround- 
ing influenza and influenza vaccine and access to 
influenza vaccination. 

C. Determine the incidence of laboratory-confirmed 
influenza infection during pregnancy. 

D. Estimate the effectiveness of maternal influenza 
vaccine in pregnancy against laboratory-confirmed 
influenza in the mother during pregnancy, and hos- 
pitalisation of the infant with acute lower respiratory 
infection during the first 6 months of life. 

Study sample 

Eligible participants are identified from maternity units 
and primary healthcare settings in the six cities. 
Participants are approached by study personnel who 
explain the study and obtain informed consent. 

Women are eligible for the study if they are aged 
17 years or more at the time of consent, are at least 
38 weeks gestation or have delivered a live born infant 
who is no older than 55 days at enrolment and if the 
participant (mother) has sufficient verbal English to 
permit questionnaire completion at study entry and at 
the 6-month follow-up. For the purposes of the primary 
analysis, women are excluded from the study if they are 
(A) planning to move overseas before the infant reaches 
6 months of age, or (B) have received influenza vaccin- 
ation less than 14 days prior to delivery. Those partici- 
pants who enrol but subsequently are lost to follow-up at 
age 6 months remain eligible for assessment of the sec- 
ondary outcomes at the time of enrolment. 

Once consent is obtained, an interviewer-administered 
questionnaire is completed that collects detailed infor- 
mation on maternal self-reported influenza and pertussis 
vaccination status, information relating to the barriers/ 
influences of influenza and pertussis vaccination, 
contact details for the participant's usual medical practi- 
tioner, self-reported maternal medical/obstetric history 
and some sociodemographic indicators. An additional 
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telephone and/or email contact occurs once the infant 
reaches 6 months of age to seek parent-reported epi- 
sodes of medically diagnosed influenza in the infant. 

Outcomes to be measured 

In Australia, influenza is a nationally notifiable disease 
with local notification requirements according to state 
public health laws. The uniform notification case defin- 
ition requires laboratory confirmation. Hence, for our 
outcomes of laboratory-diagnosed influenza in the 
infant or in the mother from 12 months prior to deliv- 
ery to 6 months postdelivery, individual data are 
obtained with consent from state/ territory administered 
data sets of laboratory-confirmed influenza results. We 
match all notifications of episodes of laboratory- 
confirmed influenza and/or any other vaccine prevent- 
able diseases recorded by the notifiable diseases systems 
within each state/ territory for infant (6 months postde- 
livery) and maternal influenza. Participant-reported epi- 
sodes of medically diagnosed influenza where a 
specimen was collected from the mother or the infant 
but not notified will be followed up with the treating 
physician to establish if they were laboratory confirmed 
and had not been notified to the relevant public health 
authority. 

Our secondary outcome of vaccine uptake in preg- 
nancy requires a valid date of vaccination for a partici- 
pant to be considered vaccinated. Each participant's 
usual medical practitioner/ vaccine provider will be con- 
tacted to confirm the date of vaccination when a partici- 
pant self-reports receipt of influenza vaccination but is 
unable to cite the date given from a written record, or 
where the participant is unsure of her vaccination history. 
Participants who state that they have not been vaccinated 
are considered unvaccinated. 

Sample size and analysis plan 

Accounting for a potential loss to follow-up of 10%, the 
sample size calculation requires 10 106 women to be 
recruited over the 4-year recruitment period. There will 
be power of 80% (oc=0.05) to detect vaccine effectiveness 
against laboratory-confirmed influenza in infancy of at 
least 40% assuming cumulative incidence among the 
unvaccinated cohort of 2.3% for laboratory-confirmed 
influenza in infants up to 6 months of age and average 
vaccine uptake in pregnancy of 30%, both calculated 
over the 4-year study period. Disease incidence and 
vaccine uptake are averaged over the 4-year study period 
as fluctuations are expected. 

Estimates of vaccine uptake per year per site will be 
accurate to within ±5% with the proposed sample size of 
422 participants per year per site, for example: 15% 
uptake (95% CI 11.9% to 18.7%); 25% uptake (95% CI 
21.2% to 29.3%); 35% uptake (95% CI 30.6% to 
39.5%); 45% uptake (95% CI 40.3% to 49.5%). 
Similarly, the study is well powered to monitor a range of 
predictors of influenza vaccination in pregnancy includ- 
ing changes over time and differences between sites, 



particularly so for the pooled data from over 10 000 
participants. 

The primary analysis will be a comparison of the cumu- 
lative incidence of laboratory-confirmed influenza in 
infants aged <6 months by treatment group (vaccinated 
cohort vs unvaccinated cohort). Vaccine effectiveness 
will be calculated as (1— relative risk) x 100 and reported 
with 95% CIs. The relative risk is approximated by the 
OR from logistic regression. As noted previously, those 
women receiving influenza vaccine less than 14 days 
prior to delivery will be excluded in the primary analysis. 
A propensity score approach will be used to account for 
differences in baseline characteristics between groups. 32 
The propensity score, defined as the conditional prob- 
ability of receiving the vaccine given the measured con- 
founders, 33 will be estimated from a logistic regression 
model with receipt of vaccine as the dependent variable 
and including all variables considered to be potential 
confounders as independent variables. Participants will 
be weighted by a function of the propensity score in 
order to construct a pseudo population in which there is 
no confounding by observed variables. In particular, 
each mother-infant pair who receives the vaccine is 
weighted by the inverse of their estimated propensity 
score and each mother-infant pair who does not receive 
the vaccine is weighted by the inverse of 1 minus their 
propensity score. The relative risk of influenza associated 
with the vaccine will then be estimated using weighted 
logistic regression with vaccination being the sole inde- 
pendent variable. In 2014, the protocol was amended 
(and approved by the relevant ethics committees) to 
limit our analyses to the first-born infant only in cases of 
multiple births. 

Control for potentially important confounding factors 
will be incorporated into the study. Consistent with previ- 
ous studies, these will include maternal comorbidities, 
maternal influenza infection during pregnancy and 
potential influenza risk factors in infancy such as poten- 
tial exposure to other individuals in the household, 
attendance of older siblings in day care or primary 
school, household smoking and breastfeeding. We will 
also consider the sensitivity of the results to a number of 
other potentially important factors that could be asso- 
ciated with the risk of influenza in infancy including the 
trimester of influenza vaccination, history of maternal 
influenza vaccination in previous years, severity of the 
influenza season, the infant's month of birth, indigen- 
ous status, gestational age and birth weight. 

Maternal influenza infection during pregnancy will be 
ascertained using standard surveillance definitions of 
influenza-like illness derived from self-report and from 
medical record review and adjusted by state /territory. 
Assessment of the magnitude of the influenza infection 
risk in infancy within each state/territory will be made. 
This will be done through a comparison of influenza 
incidence in the unvaccinated cohort against data on 
the incidence of influenza among two slightly 
older infant cohorts for the same period (infants aged 
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6-<l 2 months and those aged 12— <1 8 months). The 
disease burden in these two older cohorts will be 
assumed to be similar to but not more than the 
expected disease burden in the younger cohort since 
this has been the pattern for some time (unpublished 
data, NCIRS). Western Australia (WA) is the only state 
that has an active infant influenza vaccination pro- 
gramme starting from 6 months of age. Vaccine uptake 
and disease incidence are already being carefully moni- 
tored in MA with respect to their childhood influenza 

34 

vaccination programme. 

Secondary analyses will incorporate multivariate logis- 
tic regression models to monitor changes in vaccine 
uptake by site and year and to identify independent pre- 
dictors of vaccine uptake during pregnancy by study site 
and year. Subject to availability of outcome data, we have 
planned interim analyses of the primary objective on an 
annual basis using the pooled data to that point in time 
but with a=0.001 so as not to adversely impact on the 
overall power of the study. The purpose of the interim 
analyses is to track annual progress towards demonstra- 
tion of vaccine effectiveness over time. Potential benefits 
to the infant from maternal influenza immunisation may 
be highest in the first 3 months of life. We will therefore 
also analyse the time to first episode of laboratory- 
confirmed influenza infection in infants using survival 
analyses methods. 

DISCUSSION 

Influenza infections during pregnancy and early infancy 
are of global public health importance. Large 
population-based studies that account for seasonal varia- 
tions in influenza incidence are needed to monitor 
public health recommendations and to determine the 
effectiveness of the vaccine in preventing laboratory- 
confirmed influenza. The FluMum study aims to address 
this need through a national cohort study of over 10 000 
mother-infant pairs conducted over four influenza 
seasons. 

The major strengths of our study are the national 
approach, the sample size and that the primary outcome 
can be determined through accessing information on 
laboratory-confirmed notifications of influenza from 
state /territory notifiable diseases data sets using individ- 
ual consent obtained prior to occurrence of the 
outcome of interest. Influenza is a notifiable disease in 
Australia and that is a well-known requirement among 
physicians and laboratories. We believe the simplicity of 
the study design — incorporating recruitment at/near 
delivery, ascertainment of infant exposure status at day 0 
(delivery) then ascertainment of the primary outcome 
from administrative data sets — will maximise maternal 
participation rates, minimise drop out and thus minim- 
ise the risk of response bias. Ascertainment bias for the 
primary outcome of laboratory-confirmed influenza is 
likely to be minimal and non-differential given that 
maternal vaccination is: (A) unlikely to influence care- 



seeking behaviour for severe respiratory illness in early 
infancy; (B) unlikely to influence the healthcare provi- 
der's decision to submit a specimen for laboratory 
testing and (C) would not influence the laboratory 
undertaking the test since maternal vaccination history 
would be unknown to the laboratory undertaking testing 
of an infant's specimen. 

We are cognisant of the risk of potential bias between 
the vaccinated and unvaccinated cohort and will 
account for key differences in baseline characteristics as 
mentioned previously. There is a risk that vaccinated 
mothers may be more willing to participate than unvac- 
cinated mothers; while a high response rate will help 
mitigate this, we will also seek ethics approval to ask 
mothers who do not consent if we can record a brief 
reason why not, which will include the option that they 
have not received an influenza vaccine. Given the study 
is being conducted in urban centres, the generalisability 
of the findings will be limited to women and infants in 
those settings, although we will be able to determine 
how many participants were from rural and remote 
areas. 

Loss to follow-up is a concern for any cohort study. 
Women may choose to withdraw or there may be a failure 
to contact them at the 6-month time period. This loss to 
follow-up will not affect ascertainment of the primary 
outcome (laboratory-confirmed influenza in the infant) 
given the sources of that information are notifiable dis- 
eases data sets, unless the infant has moved interstate or 
overseas. If that does occur, the effect on the primary ana- 
lysis is likely to be non-differential as discussed previously. 
However, there are several strategies in place to minimise 
attrition. Study operating procedures for follow-ups 
include telephone, email and short message service (text 
messaging) , with a minimum of three attempts required. 
Regular study newsletters are distributed to participants 
to keep them informed of the study progress and to 
remind them to contact study staff if their contact details 
change. Our data linkage to notifiable diseases data sets 
will still capture cases of laboratory-confirmed influenza 
among those who are lost to follow-up, unless the partici- 
pant has moved interstate or overseas. Sensitivity analyses 
that account for missing data will be undertaken to deter- 
mine the effect of loss to follow-up on our vaccine effect- 
iveness estimates. 

CONCLUSION 

The FluMum study will be an important contribution to 
maternal and infant child health policy and practice in 
Australia, and potentially globally. Recruitment for the 
study started in March 2012 and will cease in December 
2015. While some Australian states are currently consid- 
ering incorporating maternal vaccination during preg- 
nancy into perinatal data collections, that is likely to be 
some years away and hence the FluMum study will 
provide information critical to improving and maintain- 
ing influenza vaccine uptake in pregnancy. If we 
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determine that influenza vaccination during pregnancy 
is effective in preventing laboratory-confirmed influenza 
in infants, it will provide an additional incentive for 
women to be vaccinated. 

Author affiliations 

Queensland Children's Medical Research Institute, Queensland University of 
Technology, Herston, Queensland, Australia 
Queensland Children's Medical Research Institute, The University of 
Queensland Herston, Queensland, Australia 

3 Communicable Diseases Unit, Queensland Health, Herston, Queensland, 
Australia 

4 l\lational Centre for Epidemiology & Population Health, Australian National 
University, Canberra, Australian Capital Territory, Australia 
5 Vaccine and Immunisation Research Group, Murdoch Children's Research 
Institute and Melbourne School of Population and Global Health, The 
University of Melbourne, Victoria, Australia 

6 Vaccine Trials Group, Telethon Institute for Child Health Research, University 
of Western Australia, Perth, Western Australia, Australia 
7 l\lational Centre for Immunisation Research and Surveillance, University of 
Sydney, Westmead, New South Wales, Australia 

8 Vaccinology and Immunology Research Trials Unit, Women's and Children's 
Hospital and School of Paediatrics and Reproductive Health and Robinson 
Research Institute, University of Adelaide, Adelaide, South Australia, Australia 
9 Menzies School of Health Research, Charles Darwin University, Darwin, 
Northern Territory, Australia 

Acknowledgements The authors would like to thank the associate 
investigators (Robert Booy, Jacqueline Boyle, Vicki Krause, Michael Nissen, 
Sujatha Thomas, Karin Lust and Lee Minuzzo), study coordinators and 
research fellows (Sallyanne LeGros-Wilson, Judith Zenchyson, Karen Watson, 
Sharon Tan, Marita Kefford, Kirsten Perrett, Verity Hill and Catherine Talbot) 
and study support staff in each site. They also thank the participating 
maternity units and primary healthcare settings and government public health 
units in each state/territory. Daniel Arnold from Queensland Children's Medical 
Research Institute and Salvatore Colangelo from Goya Pty Ltd designed the 
current national study database. 

Contributors RMA was the study's principal investigator. RMA, KF, TN, SBL, 
NW, PR, HSM and MC developed the successful grant application and study 
protocol. LM was the National Study Coordinator until January 2014. KF and 
LM drafted the manuscript. All authors critically revised the manuscript and 
contributed to and approved the final version of the manuscript for 
publication. 

Funding The study is funded by a 4-year Australian National Health and 
Medical Research Council (NHMRC) project grant (1020035). 

Competing interests KF is supported by an NHMRC Career Development 
Fellowship (grant number 1045157) and Queensland Government Smart 
Futures Fellowship. LM is supported by a Master of Philosophy Scholarship 
through Queensland University and Queensland Health. SBL is supported by 
an NHMRC Early Career Fellowship (1036231) and a Mid-career Fellowship 
from the Queensland Children's Medical Research Institute and the Children's 
Hospital Foundation Queensland (50025). HSM is supported by an NHMRC 
Career Development Fellowship (1016272). TN: the MCRI has received 
research grants for influenza vaccine clinical trials from GSK, bioCSL, Novartis 
and Sanofi Pasteur. In 2007, TN served on an international research advisory 
board for CSL in relation to an influenza vaccine for the elderly. TN is Chair of 
the Australian Government ATAGI (Australian Technical Advisory Group on 
Immunisation), and a member of the WHO SAGE advisory committee on 
immunisation. SBL's institution has received research grants from influenza 
vaccine manufacturers GSK, CSL and Sanofi Pasteur for SBL conducting or 
participating in sponsored clinical trials, epidemiological studies and having 
been a member of an influenza vaccine advisory board. NW has participated 
in investigator initiated industry supported vaccine studies in the past 2 years. 
These have been supported financially by GSK, Aventis Pasteur and 
Commonwealth Serum Laboratories. He has participated in one GSK 
sponsored pertussis meeting in 2011. PR has received funding from GSK for 
investigator-led epidemiological studies in otitis media and has received travel 



support from GSK, Wyeth and other vaccine companies to present scientific 
data and chair workshops. HSM's institution has received research grants 
from vaccine manufacturers GSK, Pfizer, Novartis and Sanofi Pasteur for 
investigator-led research. HSM has been an investigator for studies funded by 
pharmaceutical companies including Pfizer, GSK Sanofi-Pasteur, Novartis. 
Travel support has been provided to their institutions by GSK and/or 
Sanofi-Pasteur for HSM to present scientific data at international meetings. 
RA is the member of the Australian Government ATAGI (Australian Technical 
Advisory Group on Immunisation). 

Patient consent Obtained. 

Ethics approval The study has been approved by all institutional ethics 
committees at all participating sites around Australia. 

Provenance and peer review Not commissioned; peer reviewed for ethical 
and funding approval prior to submission. 

Data sharing statement The data collection form can be made available to 
researchers on request. 

Open Access This is an Open Access article distributed in accordance with 
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this work non- 
commercially, and license their derivative works on different terms, provided 
the original work is properly cited and the use is non-commercial. See: http:// 
creativecommons.org/licenses/by-nc/4.0/ 



REFERENCES 

1. Acs N, Banhidy F, Puho E, etal. Pregnancy complications and 
delivery outcomes of pregnant women with influenza. J Matern Fetal 
Neonatal Med 2006; 1 9:1 35-40. 

2. Dowse GK, Smith DW, Kelly H, etal. Incidence of pandemic (H1N1) 
2009 influenza infection in children and pregnant women during the 
2009 influenza season in Western Australia — a seroprevalence 
study. Med J Aust 201 1 ;1 94:68-72. 

3. Griffiths PD, Ronalds CJ, Heath RB. A prospective study of influenza 
infections during pregnancy. J Epidemiol Community Health 
1980;34:124-8. 

4. Irving WL, James DK, Stephenson T, etal. Influenza virus infection 
in the second and third trimesters of pregnancy: a clinical and 
seroepidemiological study. BJOG 2000;107:1282-9. 

5. Hartert TV, Neuzil KM, Shintani AK, etal. Maternal morbidity and 
perinatal outcomes among pregnant women with respiratory 
hospitalizations during influenza season. Am J Obstet Gynecol 
2003;189:1705-12. 

6. Neuzil KM, Reed GW, Mitchel EF, etal. Impact of influenza on acute 
cardiopulmonary hospitalizations in pregnant women. Am J 
Epidemiol 1 998; 1 48: 1 094-1 02. 

7. Schanzer DL, Langley JM, Tarn TW. Influenza-attributed 
hospitalization rates among pregnant women in Canada 1994-2000. 
J Obstet Gynaecol Can 2007;29:622-9. 

8. Louie JK, Acosta M, Jamieson DJ, et al. Severe 2009 H1 N1 
influenza in pregnant and postpartum women in California. N Engl J 
Med 2010;362:27-35. 

9. Mangtani P, Mak TK, Pfeifer D. Pandemic H1N1 infection in 
pregnant women in the USA. Lancet 2009;374:429-30. 

10. Pratt RJ. Pandemic A (H1 N1) 2009 influenza-an enhanced hazard 
during pregnancy. Midwifery 2010;26:13-17. 

1 1 . Mak TK, Mangtani P, Leese J, et al. Influenza vaccination in 
pregnancy: current evidence and selected national policies. Lancet 
Infect Dis 2008;8:44-52. 

12. Stanwell-Smith R, Parker AM, Chakraverty P, etal. Possible 
association of influenza A with fetal loss: investigation of a cluster of 
spontaneous abortions and stillbirths. Commun Dis Rep 1994;4:R28-32. 

13. Shi L, Fatemi SH, Sidwell RW, etal. Maternal influenza infection 
causes marked behavioral and pharmacological changes in the 
offspring. J Neurosci 2003;23:297-302. 

14. Shi L, Tu N, Patterson PH. Maternal influenza infection is likely to 
alter fetal brain development indirectly: the virus is not detected in 
the fetus. Int J Dev Neurosci 2005;23:299-305. 

15. Henkle E, Steinhoff MC, Omer SB, etal. Incidence of influenza virus 
infection in early infancy: a prospective study in South Asia. Pediatr 
Infect Dis J 201 1 ;30:1 70-3. Published online first. 

16. Chaves SS, Perez A, Farley MM, et al. The burden of influenza 
hospitalizations in infants from 2003-2012, United States. Pediatr 
Infect Dis J 2014. Published Online First. doi:10.1097/ 
INF.0000000000000321 



O'Grady KF, McHugh L, Nolan T, etal. £M7 Open 201 4;4:e005676. doi:1 0.1 1 36/bmjopen-201 4-005676 



5 



Open Access 



17. Dawood FS, Chaves SS, Perez A, et al. Complications and 
associated bacterial coinfections among children hospitalized with 
seasonal or pandemic influenza, United States, 2003-2010. J Infect 
Dis 2014;209:686-94. 

18. National Health & Medical Research Council. The Australian 
immunisation handbook. 9th edn. Canberra: Australian Government, 
2013. 

19. ACOG Committee Opinion No. 468: Influenza vaccination during 
pregnancy. Obstet Gynecol 201 0;1 1 6:1 006-7. 

20. Munoz FM, Greisinger AJ, Wehmanen OA, et al. Safety of influenza 
vaccination during pregnancy. Am J Obstet Gynecol 
2005;192:1098-106. 

21 . Pool V, Iskander J. Safety of influenza vaccination during pregnancy. 
Am J Obstet Gynecol 2006; 1 94:1 200. 

22. Omer SB, Goodman D, Klugman KP, et al. Impact of maternal 
immunization against influenza on prematurity and birthweight. 
47th Annual Meeting of the Infectious Diseases Society of America; 
Philadelphia, 2009. 

23. Benowitz I, Esposito D, Depeau K, et al. Effectiveness of influenza 
vaccine given to pregnant women in preventing hospitalisation in 
their infants. 47th Annual Meeting of the Infectious Diseases Society 
of America; Philadelphia, 2009. 

24. Benowitz I, Esposito DB, Gracey KD, et al. Influenza vaccine given 
to pregnant women reduces hospitalization due to influenza in their 
infants. Clin Infect Dis 201 0;51 :1 355-61 . 

25. Eick AA, Uyeki TM, Klimov A, et al. Maternal influenza vaccination 
and effect on influenza virus infection in young infants. Arch Pediatr 
Adolesc Med 201 1 ;1 65:1 04-1 1 . 



26. Zaman K, Roy E, Arifeen SE, et al. Effectiveness of maternal 
influenza immunization in mothers and infants. N Engl J Med 
2008;359:1555-64. 

27. White SW, Petersen RW, Quinlivan J A. Pandemic (H1 N1 ) 2009 
influenza vaccine uptake in pregnant women entering the 2010 
influenza season in Western Australia. Med J Aust 2010;193: 
405-7. 

28. Liu N, Sprague AE, Yasseen AS III, et al. Vaccination patterns in 
pregnant women during the 2009 H1 N1 influenza pandemic: a 
population-based study in Ontario, Canada. Can J Public Health 
2012;103:e353-8. 

29. Yuet Sheung Yuen C, Yee Tak Fong D, Lai Yin Lee I, etal. 
Prevalence and predictors of maternal seasonal influenza 
vaccination in Hong Kong. Vaccine 201 3;31 :5281 -8. 

30. Goldfarb I, Panda B, Wylie B, et al. Uptake of influenza vaccine in 
pregnant women during the 2009 H1 N1 influenza pandemic. 

Am J Obstet Gynecol 201 1 ;204(6 Suppl 1 ):S1 1 2-1 5. 

31. Maher L, Hope K, Torvaldsen S, et al. Influenza vaccination during 
pregnancy: coverage rates and influencing factors in two urban 
districts in Sydney. Vaccine 2013;31 :5557-64. 

32. Heinze G, Juni P. An overview of the objectives of and the 
approaches to propensity score analyses. Eur Heart J 
2011;32:1704-8. 

33. Joffe MM, Rosenbaum PR. Invited commentary: propensity scores. 
Am J Epidemiol 1 999; 1 50:327-33. 

34. Blyth CC, Jacoby P, Effler PV, et al. Effectiveness of trivalent flu 
vaccine in healthy young children. Pediatrics 201 4;133:e1 218- 
e1225. 



6 



0'Grady KF, McHugh L, Nolan T, etal. BMJ Open 2014;4:e005676. doi:1 0.1 1 36/bmjopen-201 4-005676 



